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@ Method of producing substantially pure albumin. 

(sr\ High purity albumin can be recovered In high yield from 
human plasma protein solution containing albumin by heat- 
treatment of the solution to denature and precipitate non-al- 
bumin proteins under a combination of specific conditions, 

namely.^ ^ prQtein concentrat | 0 n of 0.5 to 3<>/o w/v in the 
solution, 

ii) the presence, as albumin stabilizer, of a C3-1 0 organic 
carboxylic acid or salt thereof in an amount of 3-I0 mM, 

HI) the presence, as the precipitant, of ammonium sulfate 
at a final concentration of I to 10% w/v, and 

lv) heating for 15 to 60 minutes at a pH of 4.5 to 5.5 and at 
a temperature of 65° C to 70° C. 
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Description 

METHOD OF PRODUCING SUBSTANTIALLY PURE ALBUMIN 

This Invention relates to a process for recovering albumin from a protein solution containing albumin of the 
human plasma origin which comprises subjecting the protein solution to a heat-treatment. . 
5 Albumin is a plasma protein which is contained in the plasma in a major amount, and is used against various 
disorders (such as scalding, nephrose, hemorrhagic shock, etc.). 

Albumin is prepared in industry from the fine fraction V obtained by the Conn's ccld alcohol fractionation 
method. However, it is known that more or less amounts, that is 10 to 40 w/v o/o, of albumin is contained In a 
valuable plasma protein fraction or a fraction to be discarded which occurs from the valuable fraction after the 
10 valuable plasma proteins have been recovered. 

A method of the purification of albumin in such fractions Is disclosed in United States Patent Nos. 4,017,470 
to Izaka et al and 4,156,681 to Schneider et al. The both methods utilize the heat-stability of albumin as 
compared with other proteins and is carried out by heating an aqueous solution of the fraction at a 
temperature of 50° or higher to denature and precipitate proteins other than albumin. During the heating step 
15 a fatty acid or its salt is added as a stabilizer for albumin. The precipitation of the other proteins is accelerated 
by the addition of a specific amount of alcohol (U.S. Patent No. 4,156,681). Albumin is recovered from the 
supernatant by a known method such as precipitation with polyethylene glycol, malelc acid or rivanof 
(2-ethoxy-6,9-diaminoacridine lactate) (U.S. Patent No. 4,017,470). 
In such methods, problems are present In the purity and recovering yield of albumin so that the product 
20 having a property sufficient for use as an albumin preparation in a good yield can not be obtained. 

Thus, the present inventors have conducted an extensive study of the heat-treating methods or conditions 
in the recovery of pure albumin In good yield from an albumin containing plasma protein solution, especially a- 
and/or (J-globulin contaminated albumin solution of human plasma origin, and as a result, found that the above 
problem is solved by subjecting the solution to heat-treatment in a combination of specific conditions to 
25 recover effectively substantially pure albumin in hrgh yield without above-mentioned drawbacks to achieve tfoe 
present invention. 

The present Invention relates to a method for recovering a substantially pure albumin solution from a protein 
solution containing albumin and other plasma proteins of human origin, which comprises heating the protein 
solution at a temperature of 65° to 70° C and pH of 4.5 to 5.5, preferably 4.9 to 5.4 for 15 to 60 minutes in the 
30 presence of 3 to 10 mM of an organic carboxylic acid having 3 to 10 carbon atoms or its salt and 1 to 10 w/v % of 
ammonium sulfate to precipitate proteins other than albumin, the protein solution being a solution containing 
the proteins in a concentration of 0.5 to 3 w/v %, and then recovering albumin from the supernatant. 

Conditions under which the method may be carried out are as follows. 

55 (I) Starting material 

The starting material used In the present invention is not limited to any of fractions as far as it contains 
albumin of human plasma, origin but in general a fraction containing a- and/or p-globulin is preferably 
mentioned. The fraction corresponds, for example, to the fraction IV, 1V-I or IV-4 of the Conn's ethanol 
fractionation method, and to a precipitate fraction such as crude albumin responsive to 35 to 50% saturation 
40 of the ammonium sulfate. 

(2) Pretreatment 

The above-fractions can be used as they are in the present method, but a solution from which the other 
valuable proteins such as haptoglobin and others have been extracted and recovered is preferable. For 
45 example, haptoglobin is removed and recovered by precipitating out of the solution with ammonium sulfate 
saturation of 50% and then the supernatant is made into pH 4.5 to 4.8, the precipitates formed is recovered. 
The precipitates naturally contains ammonium sulfate which has been utilized. 

(3) Treatment 

50 The albumin containing fraction mentioned in above (I) or (2) contains generally 10 to 70% of albumin and is 
dissolved in about 5 - about 20 volume of an aqueous medium, preferably cold pure water so that the resulting 
solution contains 0.5 - 3% w/v proteins. To the solution is added an organic carboxylic acid or its salt as 
albumin stabilizer and ammonium sulfate as precipitating agent for proteins other than albumin. 
The organic carboxylic acid is not limited as far as it has 3 - !0 carbon atoms, and a carboxylic acid such as 

55 caprylic acid, mandelic acid or citric acid is mentioned. The salt is physiologically acceptable one such as an 
alkali metal such as sodium or potassium, or an alkali earth metal such as calcium, etc. According to the 
invention, the organic carboxylic acid is used in a final concentration of 3 -10 mM, preferably 3-5 mM. 

Ammonium sulfate is used in a final concentration of I - 10% w/v, and when the albumin solution contains 
already ammonium sulfate, as the material mentioned in above (2), the amount should be taken into 

60 consideration. 

The solution containing albumin is adjusted to pH 4.5-5.5, preferably 4.9-5.4 and further preferably 
5.0 - 5.3, and then heated at a temperature of 65° - 70° C, preferably about 68° C for 15 - 60 minutes, preferably 
about 30 minutes. 
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After heating the solution is cooled to about 10 to about 20° C. filtered or centrlfuged at 5000 - 15.000 r.p.m. 
(4 500 - 13 000 G) for about 30 minutes to recover a supernatant. The filtration or centnfugation is preferably 
carried out at pH about 4 - 6. A precipitation fraction separated from the supernatant contains heat-coagulated 
proteins other than albumin. 

(4 Th? suSmaTa^tcontains very pure albumin having a purity of SKXVo or more, for example, up to 980/o and can 
be used for making an albumin preparation as it is. However, it may be subjected to a ^ known i method for 
purifying and making preparation. For example, it is treated with an ion-exchanger, subjected to removing salt 
Sresent 9 ^ purification, and to heat-treatment at 60'C for 10 hours , for virus inact ivafon ^ ^'tern^ely or rf 
required, the methods disclosed in U.S. Patent Nos. 4.156.681 and/or 4,0T7,470 can be used for th P^oa 

According to the present method, a high purity albumin can be obtained in high yield. Accordingly, an 
albumin preparation 6f high quality, which is applicable to clinical use, can be provided. 

The present invention is explained concretely by way of the following examples wh.ch are not construed to 
limit the Invention. 

^ToTkq'of fraction IV-4 paste containing 20<Vb albumin and 80% other proteins was added 9 £ of distilled 
water stirred for 2 hours to obtain a solution which was then centrifugalized to separate a supernatant pH 
TSiS were added ammonium suifate to a final concentr ation « 
caorvlate to a final concentration of 4 mM. The solution was ad usted in a pH of 5.2. then heated at 68 C for 30 
^uVes £d coole^to 20°C. The pH was adjusted to 4 -6. and then precipitates formed were removed by 
centrifuge. The separated supernatant contained 97% purity albumin in a recovery yield 90<>/o. 

EX HTp P togfobin was precipitated from the Cohn's IV fraction solution (pH 7.0) by the ammonium sulfate 
fraSoTato method L The supernatant which was to be a waste and contained 30<>/o w/v ammomum suifate 
Ss Sus°ed7c mear the isoelectric point of albumin. pH 4.55, to precipitate albumin which was recovered as a 

C Tlk?onne^ 30 
to dfesoffihe e fr P a a c tion. Then the remaining ammonium sulfate contained in resulting solution was 2% w/v in a 
final concentration. To the solution was added sodium caprylate in a final concentration of 4 mM. 

mi J soluE Zs adjusted in pH 5, heated at 68°C for 30 minutes, and then cooled to 20»C to obtam 
precipitates which was then separated by centrifuge. 

Albumin contained In the solution had a purity of 98<>/o and was showed recovery yield 90%. 35 

reS'ns E hTbeteen protein concentration in the solution and albumin recovery was investigated 
Simple 2 was repeated except for using varying protein concentrations. The amount of albumin .n total 
amounts of proteins was measured according to cellulose acetate membrane electrophone methoc I (Kohr, 
J Clin. Chim. Acta. 2 297 (1957)), and the total amount of proteins was measured according to ultra wolet 
adsorption method (Tombs et al, Biochem. J. 73 167, (1959)). 
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Table 

1 

5 



10 

Protein concentration 
in solution used 

fry /xt 4. \ 

Albumin recover- 
ing yield 


5 

40 

15 

3 

70 


1 

90 

20 

0.5 

90 


25 


30 


Experimental Example 2 

The relationship between the concentration of organic carboxylic acid and recovery of albumin. 

Example 2 was repeated except for varying concentrations of the carboxylic acid used. The amount of 
albumin was measured by single radial immunodiffusion method (Mancini G, et al, Immunochemistry 2 235 
(1965)). 

The result is shown In Table 2 


Table 2 


35 


40 


45 


50 


Concentration of organic 
carboxylic acid 
(Sodium caprilate) (mM) 

Recovering 
yield (%) 

0 

10 

1 

64 

2 

73 

4 

90 

8 

90 


55 


60 


Experimental Example 3 

The relationship between pH of the solution and the purity of albumin obtained was investigated. 

Example 2 was repeated except for use of varying pH values. The amount of albumin recovered was 
measured by the single radial immunodiffusion method, and the purity of albumin was measured by the 
cellulose-acetate membrane electrophoresis method. 

Result is shown in Table 3. 
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Table 3 


pH 

Recovery yield 

Purity (%) 

— 1 

Evaluation 1 


4 

0 



bad 

10 

4.9 

55 

97 

pretty 
good 


5 

80 

-96 

good 

15 

5.1 

95 

92 

good 


5.3 

100 

90 

good 

20 

6 

100 

80 

bad 
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Experimental Example 4 
The influence of concentrations of ammonium sulfate was Investigated. 

Example I was repeated except for using a varying concentration of ammonium* sulfate. The amount of the 
alburT recovery was measured based on the ultraviolet ray absorption method, and the purity of albumin was ^ 
measured by the cellulose-acetate membrane electrophoresis method. 

The result is shown in Table 4. 


Table 4 ^ 


Concentration of 
sodium sulfate 
(w/v %) 

Purity of albumin 
in suoernatant 
(%) 

Recovery 
yield 
(%) 

40 

0 

80 

85 


1 

90 

90 

45 

5 

95 

92 


10 

97 

90 

SO 

15 

85 

80 



Experimental Example 5 
The influence of heat-treatment times was investigated. 

Sample 2 was repeated except for using varying heating times. The amount of ^um.n recovered was 
measured by the single radial immunodiffusion method, and albumin purity was measured by the 
cellulose-acetate membrane electrophoresis method. 

The result is shown in Table 5. 
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Table 5 

5 


Heating time 
(rain) 

Purity of 
albumin obtained 
(%) 

Recovery yield 
(%) 

0 

67 

100 

15 

80 

100 

30 

98 

90 

60 

98 

85 
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Claims 


I. In a method of producing a substantially pure albumin solution from albumin and other plasma 
protein-containing solution comprising adding to the solution an organic carboxylic acid or physiologically 
acceptable salt thereof as an albumin stabilizer, a precipitating agent for the other plasma proteins, 
heating the solution at a temperature sufficient for denaturing and precipitating the other plasma protein 

30 and separating an albumin solution from the precipitates, the improvement comprising using the albumin 

and other plasma protein-containing solution having a protein concentration of 0.5 to 3<>/a w/v, the organic 
carboxylic acid having 3 to 10 carbon atoms In an amount of 3 - 10 mM, and ammonium sulfate as the 
precipitating agent in a final concentration of I to 10% w/v; the heating being carried out for 15 to 60 
minutes at a pH of 4.5 to 5.5 and at a temperature of 65° to 70° C. 

35 2. The method according to Claim l f wherein the albumin and other plasma protein-containing solution 

contains a- and/orp-globulin. 

3. The method according to Claim I or 2, wherein the albumin and other plasma protein-containing 
solution derived from the Conn's fraction IV, IV-I or IV-4 or its equivalent. 

4. The method according to Claim I, 2 or 3, wherein the albumin and other plasma protein-containing 
40 solution is one from which a valuable plasma protein has been recovered. 

5. The method according to any preceding Claim, whrein the heating is carried out at a pH of 4.9 to 5.4. 

6. The method according to any preceding Claim, wherein the amount of the organic carboxylic acid 
used is 3 to 5 mM. 

7. The method according to Claim 5, wherein the heating is carried out at a pH of 5.0 to 5.3. 

45 8. The method according to any preceding Claim, wherein the heating is carried out at a temperature of 

about 68° C. 

9. The method according to any preceding Claim, wherein the heating is carried out for about 30 
minutes. 

10. The method according to any preceding Claim, wherein the separation of albumin solution is carried 
50 out at a temperature of 10 to 20° C. 

n. The method according to any preceding Claim, wherein the separated albumin sorution is further 
subjected to purification. 

12. The method according to any preceding Claim, wherein the separated albumin solution is subject to 
virus-inactivating heat treatment. 
55 13. A method of producing a substantially pure albumin solution from a solution containing albumin and 

other plasma protein material, which method comprises adding to the solution an albumin stabilizer and a 
precipitating agent for the other plasma protein material, heating the solution to a temperature sufficient 
to denature and precipitate the other plasma protein, and separating the precipitate from the solution 
containing the albumin, and which method is carried out using, in combination, the following conditions, 
60 i) prior to the addition of the albumin stalilizer and precipitating agent, the solution containing the 

albumin and other plasma protein material has a protein concentration of from 0.5 to 3% w/v 
inclusive, 

ii) the albumin stabilizer is an organic carboxylic acid having from 3 to 10 carbon atoms inclusive 
and present in an amount of from 3 to 10 mM inclusive, 
65 iii) the precipitating agent is ammonium sulfate and is present at a final concentration of from I to 
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lU^/O W/v inclusive cuiu, » i 

iv) the heating is carried out for from 15 to 60 minutes inclusive at a pH of from 4.5 to 5.5 Inclusive 
and at a temperature of from 65 to 70° C inclusive. 
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